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© Novel inhibitors of platelet binding. 



@ Peptides comprising the tripeptide sequence of 
Sfarginine-tyrosine-aspartic acid, linked from amino- to 
carboxy-terminus, are inhibitors of fibrinogen bind- 
*0 ing, platelet aggregation, glycoprotein llb-llla binding 
^jland related aberrant and normal physiological con- 
ditions. 
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Novel Inhibitors of Plat let Binding 



BACKGROUND OF THE INVENTION 



Many adhesive proteins, including fibrinogen, 
fibronectin, von Willebrand factor, and vitronectin, 
contain an amino acid sequence that functions as a 
recognition site for adhesion receptors. The amino 
acid sequences within these proteins are recog- 
nized by structurally-related receptors on a variety 
of mammalian cells that have been termed integ- 
rins or cytoadhesions. Hynes, Cell , 48, 549-554 
(1987); Ruoslahti et aL, Science , 238 , 491-497 
(1987). 

One well-characterized member of the integrin 
family is the blood platelet membrane glycoprotein 
llb-llla complex (GP llb-llla). Phillips et aL, Blood , 
71, 831-843 (1988). Upon platelet activation, GP 
llb-llla becomes competent to bind fibrinogen, a 
process required for platelet aggregation. Bennett 
et aL, J. Clin. Invest. , 64. 1393-1400 (1979); Mar- 
guerie et aL, J. Biol. Chem. , 254 , 5357-5363 
(1979). Based on studies with synthetic peptides, 
the Arg-Gly-Asp-Ser sequence at positions 572-575 
of the fibrinogen Aa chain appears to play a major 
role in the interaction of this protein with GP llb-llla, 
although other regions in fibrinogen may be in- 
volved as well. Gartner et aL, J. Biol. Chem. , 260 , 
11891-11894 (1985); Ginsberg et aL, J. BioL 
Chem. , 260 , 3931-3936 (1985); Haverstick et aL, 
Blood , 66, 946-952 (1985); Pytela et aL, Science , 
231 , 1159-1162 (1986); Kloczewiak et aL. Thrombo- 
sis Res. , 29, 249-255 (1983); Kloczewiak et aL, . 
Biochemistry , 23, 1767-1774 (1984). However, the 
precise details of the molecular interaction between 
fibrinogen and GP llb-llla are, at present, unknown. 
The tripeptide sequence Arg-GIy-Asp has also 
been identified in the adhesive proteins fibronetin, 
von Willebrand factor and vitronectin. Hynes, Cell , 
48, 549-554 (1987); Ruoslahti et aL, Science , 238 , 
491-497 (1987). A similar region of fibronectin con- 
taining the sequence Arg-Glu-Asp-Val has been 
implicated in the binding of this protein to 
melanoma cells. Humphries et al. t J. Cell BioL , 103 , 
2637-2647 (1986). Moreover, von Willebrand factor, 
which can bind to GP llb-llla on activated platelets, 
contains, in its long (significantly greater than 50 
residue) amino acid sequence, an Arg-Tyr-Asp-Ala, 
in addition to an Arg-Gly-Asp-Ser, sequence. Titani 
et aL, Biochemistry , 25, 3171-3184 (1986). Further- 
more, the sequence Arg-Phe-Asp-Ser and Arg-Tyr- 
Asp-Ser are found within the long chain peptides 
that comprise the major histocompatibility antigens, 
peptides which have a length greatly in excess of 
50 amino acid residues. Auffray et al. t Human 
Immunol., 15, 381-390 (1986). 



Numerous applications have been found for 
peptides containing the amino acid sequence Arg- 
Gly-Asp. The binding of fibrinogen to blood plate- 
lets, for example, has been found to be inhibited by 

s Arg-Gly-Asp-containing peptides. In addition, 
PAC1, an IgM-x murine monoclonal antibody that, 
like fibrinogen, appears to bind to GP llb-llla on 
activated platelets, is similarly inbibited by such 
peptides. The inhibition of fibrinogen and PAC1 

to occurs at an apparent Ki of about 10-20 uM when 
the tetrapeptide Arg-Gly-Asp-Ser is employed. 
Shattil et aL, J. BioL Chem. , 260 , 11107-11114 
(1985); Bennett et aL, J. BioL Chem. , (1988); Shattil 
et aL, Blood , 68, 1224-1231 (1986). Moreover. U.S. 

75 Patent No. 4,683,291 discloses the usefulness of 
peptides contain-ing the Arg-GIy-Asp sequence in 
inhibiting cellular adhesion in general; and platelet 
to platelet binding specifically. Such peptides are 
also reported as useful in retarding the formation of 

20 blood clots. 

Additional and/or better peptides which meet 
the important ends of inhibiting fibrinogen to plate- 
; let binding, platelet to platelet binding and/or blood 
clot formation are needed. The present invention is 

25 directed to these and other important needs. 



SUMMARY OF THE INVENTION 

30 

The present invention provides compounds of 

the general Formula i 

^•(X^n-Arg-Tyr-Asp-^-R 2 (I) 

and physiologically acceptable salts thereof, 
35 wherein: 

X 1 and X 2 , independently, are 1 to about 50 amino 

acid residues, provided that the total number of 

amino acid residues in X 1 and X 2 , taken together, is 

less than or equal to about 50; 
40 m and ri, independently, are 0 or 1; 

R 1 is a protected or unprotected terminal amino 

group; and 

R 2 is a protected or unprotected terminal carboxy 
group. 

45 Also included in the subject invention are com- 
pounds of the general Formula II 
R^POJn-Arg-Tyr-Asp-OOo-^J^R 2 (II) 
and physiologically acceptable salts thereof, 
wherein: 

so X 1 and X 2 , independently, are 1 or more amino 
acid residues; 

Y is 1 or more amino acid residues, provided that Y 
does not include a Ser or Ala residue; 
< m, n and o, independently, are 0 or 1, provided 
that when m is 1, o must be 1; 
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R 1 is a protected or^unprotected" terminal amino — 
group; and 

R 2 is a protected or unprotected terminal carboxy 
group; and wh rein said compound inhibits 
fibrinogen binding, platelet aggregation, s 
glycoprotein llb-llla binding, thrombosis and/or can- 
cer metastasis. 

The invention further provides compositions 
comprising one or more of the foregoing com- 
pounds, and methods of using such compounds or 10 
compositions in inhibiting fibrinogen binding, plate- 
let aggregation,. and/or glycoprotein llb-lla binding, 
The subject compounds or compositions are also 
effective in the treatment of certain physiological 
conditions, such as thrombosis and/or cancer me- is 
tastasis, and the present invention is further di- 
rected to these uses. , 

Also included within the ambit of the present 
invention are monoclonal and polyclonal antibodies 
directed to the subject compounds and nucleic 20 
acid fragments comprising nucleotide sequences 
which encode the subject compounds. 

Finally, the present invention comprehends a 
peptide comprising an amino acid sequence cor- 
responding to the amino acid sequence of the 25 
variable region of the u heavy chain of monoclonal 
antibody PAC1, as well as antibodies incorporating 
that sequence. The present invention further in- 
cludes a peptide comprising an amino acid se- 
quence corresponding to the amino acid sequence 30 
of the variable region of the u heavy chain of 
monoclonal antibody PAC1, and an amino acid 
sequence corresponding to the amino acid se- 
quence of the variable region of the u light chain of 
monoclonal antibody PAC1, as well as antibodies 35 
incorporating that sequence. Most specifically, the 
invention is directed to the monoclonal antibody 
PAC1 . V 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the nucleotide sequence of 
the variable region of the x light chain of a PAC1 45 
hybridoma cell, with nucleotide numbering shown 
above. The site of the V to J region junction is 
indicated. The predicted amino acid sequence, 
along with the amino acid numbers appear on the 
next two lines below. The amino acids are num- so 
bered according to convention. Kabat EA, Wu, 
T.T., Reid-Miller, M. t Petty, H.M., Gottesman, K.S., 
Sequences of Proteins of Immunologic Interest (US 
DHHS, PHS, NIH 1987). The complimentary deter- 
mining r gions (CDRs) are shown in boxes. 55 

Figure 2 shows the nucleotide sequence of 
the variable region of the u heavy chain of a PAC1 
hybridoma c II with nucleotide numbering shown 



above. The site ofthe-V to J region junction is 
indicated. The predicted amino acid sequence, 
along with the amino acid numbers appear on the ' 
n xt two lines below. The amino acids are num- 
bered according to convention. Kabat E.A., Wu, 
T.T., Reid-Miiler, M., Perry, H.M., Gottesman, K.S., 
Sequences of Proteins of Immunologic Interest (US 
DHHS. PHS7NIH 1987)"The complimentary deter- 
mining regions (CDRs) are shown in boxes. CDR3 
is comprised of the amino acid sequence Arg- Ser- 
Pro-Ser-Tyr-Tyr-Arg-Tyr-Asp-Gly-Ala-Gly-Pro-Tyr- 
Tyr-Ala-Met-Asp-Tyr. 

Figure 3 shows the effect of a 21 amino acid 
peptide derived from the variable region of the 
PAC1 u heavy chain (hereinafter referred to as 
"the Arg-Tyr-Asp-21mer peptide") on the binding 
of PAC1 and fibrinogen to activated human blood 
platelets. The Art-Tyr-Asp-21 mer has the sequence 
Ala-Arg-Arg-Ser-Pro-Ser-Tyr-Tyr-Arg-Tyr-Asp-Gly- 
Ala-Gly-Pro-Tyr-Tyr-Ala-Met-Asp-Tyr. Gel-filtered 
platelets were incubated for 15 min with ADP (10 
UM), and epinephrine (10 uM), in the presence of 
various peptides and either FITC-PAC1 (Figure 3A) 
or FITC-9F9 (Figure 3B) and fibrinogen (50 ug/ml). 
The specific peptides tested were Arg-Tyr-Asp- 
21 mer (filled circles), Arg-Gly-Asp-Ser (unfilled cir- 
cles) and an unrelated-28mer (control; unfilled 
squares). Binding was determined by flow cytome- 
try. Antibody binding is expressed as the percent 
of binding observed in the absence of added pep- 
tide. Error bars represent the mean t SEM of 5 
separate experiments. In Figure 2A, the data points 
without error bars represent the mean of two ex- 
periments. 

Figure 4 shows the effect of the Arg-Tyr- 
Asp-21mer peptide on the binding of various mon- 
oclonal antibodies to platelets. Gel-filtered platelets 
were incubated in the presence of Arg-Tyr-Asp- 
21 mer and various FITC-labelled anti-platelet mon- 
oclonal antibodies. Monoclonal antibody binding 
was determined by flow cytometry. In the case of 
antibody AP1 (specific for platelet glycoprotein lb) 
(unfilled circles), the platelets were not activated. In 
the case of antibodies PAC1 (specific for activated 
glycoproteins llb-llla) (filled circles). B1B5 (specific 
for glycoprotein lib) (filled squares) and S12 
(specific for GMP-140) (unfilled triangles), the 
platelets were activated with ADP and epinephrine 
(10 uM each). The data shown are from a single 
experiment 1 representative of two runs performed 
as described. 

Figure 5 shows the effect of Arg-Tyr-Asp- 
21 mer on platelet aggregation. Gel-filtered platelets 
were stirred for 3 min in an aggregometer cuvette 
in the presence of ADP (10uM), fibrinogen (100 
ug/ml), CaCI 2 (1mM), and one of the following: 
Arg-Tyr-Asp-21mer (filled circles); Arg-Tyr-Asp- 
21 mer having a Gly substituted for the Tyr residue 
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(Arg-Gly-Asp-21mer) (filled squares); Arg-Tyr-Asp- 
21mer having the Asp and Arg residues reversed 
(Asp-Tyr-Arg-21mer) (filled triangles); or Arg-Tyr- 
Asp-21mer having a d-Ala residue substituted for 
the Tyr residue (Arg-d-Ala-Asp-21mer) (unfilled cir- 
cles). Aggregation is expressed as the initial rate of 
aggregation, where the rate of aggregation in the 
absence of added peptide is arbitrarily denoted as 
100%. The data represent the means of three 
separate experiments performed as described. 

Figure 6 shows the effect of Arg-Try-Asp on 
the binding of FITC-PAC1 (Figure 6A) or FITC-9F9 
(Figure 6B) and fibrinogen to platelets stimulated 
with ADP and epinephrine (10 jxM each). The spe- 
cific peptides tested were Arg-Tyr-Asp-21mer 
(filled circles), Arg-Gly-Asp-21 mer (filled squares), 
Asp-Tyr-Arg-21mer (filled triangles), Ard-d-Ala-Asp- 
21 mer (unfilled circles) or Arg-Gly-Asp-Ser (unfilled 
squares). The conditions in each of the binding 
assays were identical to those in Figure 3. Data 
shown are from a single experiment representative 
of three runs performed as described. 

DETAILED DESCRIPTION OF THE INVENTION 



The present invention involves the discovery of 
novel and very active compounds that contain the 
tri peptide sequence of arginine-tyrosine-aspartic 
acid, linked from amino- to carboxy-terminus. The 
subject invention derives from the surprising find- 
ing that the arginine-tyrosine-aspartic acid se- 
quence is present in one of the heavy chain hyper- 
variable regions of PAC1 murine monoclonal im- 
munoglobulin, and in that position is a potential 
mediator in the binding of this monoclonal antibody 
to the blood platelet membrane fibrinogen receptor, 
glycoprotein llb-llla 

More specifically, the present invention encom- 
passes peptide compounds of the general Formula 
I 

R^PO^Arg-Tyr-Asp-p^J^-RS (I) 
and physiologically acceptable salts thereof. The 
pr sent invention further encompasses peptide 
compounds of the general Formula to 
R'-fX 1 )n-Arg-Tyr-Asp-(Y) 0 -(X 2 ) in -R 2 • (II) 
and physiologically acceptable salts thereof. These 
compounds are characterized by their inhibitory 
potency, namely their ability to retard or prevent 
the following: the binding of the adhesive protein 
fibrinogen to blood platelets (referred to herein as 
inhibiting "fibrinogen binding"); the binding blood 
platelets to themselves (referred to herein as inhib- 
iting "plat let aggregation "); and/or the binding of 
compounds or substances, particularly proteins, to 
the glycoprotein llb-llla complex found in blood 
platelet membranes (referred to herein inhibiting 
"glycoprotein llb-llla binding"). The subject com- 



pounds are also useful in retarding or preventing 
the formation of blood clots or thrombi (referred to 
herein as inhibiting "thrombosis ") and/or the 
spread of cancer cells throughout the body 

5 (referred to herein as inhibiting "cancer metas- 
tasis"). The selectivity of these compounds in car- 
rying out the foregoing related activities makes 
them particularly useful as therapeutic and/or di- 
agnostic agents. 

;o As used throughout this specification, amino 
acid residues are denoted by the following abbre- 
viations: 
Alanine = Ala 
Arginine = Arg 

75 Asparagine = Asn 
Aspartic acid = Asp 
Cysteine = Cys 
Glutamic acid = Glu 
Glutamine = Gin - 

20 Glycine = Gly 
Histidine = His 
Isoleucine = lie 
Leucine = Leu 
Lysine = Lys 

25 Methionine = Met 
Phenylalanine =,Phe 
Proline = Pro 
Serine = Ser 
. Threonine = Thr 

30 Tryptophan = Trp 
Tyrosine = Tyr 
Valine = Val 

For maximal activity, the amino acid residues com- 
prising the key tripeptide region, Arg-Tyr-Asp, of 

35 the subject invention must be in the L-configura- 
tion. The remaining amino acid residues of the 
subject invention can be present in either the D- or 
the L-configuration. . 

As previously noted, in the above Formula I, X 1 

40 and X 2 , and in the above Formula II, X\ X 2 and Y, 
may each independently comprise one or more 
amino acid residues. T he X\ X 2 and/or Y amino 
acid residues, as the case may be, may be linked 
among themselves, or with each other, in 

45 branched, cyclical or straight chain form, although 
straight chain linkages are preferred. As one skilled 
in the art would recognize, branched or cyclical 
chains may be produced by the formation of a 
peptide bond with amino acid side groups that 

so contain amino or carboxyi moieties. Amino acids 
containing such side groups include, for example, 
glutamic acid (carboxyi group), aspartic acid 
(carboxyi group) and lysine (amide group). 
Branch d or cyclical chains may also be produced 

55 through the formation of a covalent disulfide bond 
between amino acid residues having sulfur-contain- 
ing side groups, such as cysteine. 

In Formula 1, as noted above, m and n may be, 
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independently, O.or 1 - that is, m and n may both 
be 0 or may both be 1, or m may be 0 when n is 1, 
or m may be 1 when n is 0. Where both m and n 
are 0, the subject invention comprises a tripeptide 
of the sequence Arg-Tyr-Asp, linked, in order, from 
amino- to carboxy-terminus. Similarly, in Formula 
II, when each of m, n and o is 0, th subjct 
invention is also directed to the tripeptide Arg-Tyr- 
Asp. 

The R 1 substituent of Formulas I or II may be 
either an unprotected or protected terminal amino 
group (amino-terminus). Similarly, R 2 may be either 
an unprotected or protected terminal carboxy group 
(carboxy-terminus). 

As used herein, "protected" terminal amino 
group, refers to a terminal amino group coupled 
with any of various amino-termina! protecting 
groups traditionally employed in peptide synthesis. 
Examples of suitable groups include acyl protect- 
ing groups, for example, formyl, acetyl, benzoyl, 
trifiuoroacetyl, succinyl and methoxy succinyl; ar- 
omatic urethane protecting groups, for example, 
benzyloxycarbonyl; and aliphatic urethane protect- 
ing groups, for example, tert-butoxycarbonyl or ad- 
amantyloxycarbonyl. Gross and Mienhofer, eds„ 
The Peptides , Vol. 3, pp. 3-88 (Academic Press, 
New York, 1981), disclose numerous suitable termi- 
nal amino protecting groups. 

The following represent preferred amino termi- 
nal protecting groups: 



- (CHabCOC- 
O 



It - 



o 
I 




i T 

o o 

HOjQCHohC- 

o 



The amino acid residues of th$ X 1 , X 2 and Y 
substituents having side-chain amino groups, for 



. example, Lys orArg/can optionally comprise suit- 
able amino-terminal protecting groups attached to 
the side chains. 

As used herein, "protected" terminal carboxyl 
s group, refers to a terminal carboxyl group coupled 
' with any of various carboxy-terminal protecting 
groups. As will be readily apparent to one skilled in 
the art, suitable groups include tert-butyl, benzyl or 
other acceptable groups linked to the terminal car- 
lo boxyl group through an ester or ether bond. Amino 
acid residues of the X 1 , X 2 and Y substituents 
having acidic or hydroxy side chains can be simi- 
larly protected. 

The present invention also contemplates phys- 
75 iologically acceptable salts of Formulas I and II. 
These salts include acid addition salts, for exam- 
* pie, salts of hydrochloric acid, hydrobromic acid, 
acetic acid, trifluoroacetic acid, citric acid, succinic 
acid, benzene sulfonic acid or other suitable acid ' 
20 addition salts. 

Preferable classes of compounds within the 
scope of Formula I include: 
o Compounds wherein 
m is 0; and 
25 n is 0. 

o Compounds wherein X 1 and X 2 are in straight 
chain forms. 

o Compounds wherein the total number of amino 
acid residues in X 1 and X 2 , taken together, is less 
30 than about 40. . 

o Compounds wherein the total number of amino 
acid residues in X 1 and X 2 , taken together, is less, 
than about 25. 

o Compounds wherein the total number of amino. 
35 acid residues in X 1 and X 2 , taken together, is less 

than about 10. 

o Compounds wherein 

X 1 is Ala-Arg-Arg-Ser-Pro-Ser-Tyr-Try; 

X 2 is Gly-Aia-Gly-Pro-Tyr-Tyr-Ala-Met-Asp-Tyr; 
40 m is 1; and 

n is 1. 

o Compounds wherein 
X 1 is Ala : Arg-Arg-Ser-Pro-Ser-Tyr-Tyr; 
X 2 is Gly-Aia-Gly-Pro-Tyr-Tyr-Ala-Met-Asp-Tyr; 
45 m is 1; and 
n is 1. 

o Compounds wherein 

X 1 is Gln-Val-GIn-Leu-Lys-Gln-Ser-Gly-Pro Gly-Leu- 
Val-Gln-Pro-Ser-Gln-Ser-Leu-Ser-lle-Thr-Cys-Thr-, 

so Val-Ser-Gly-Phe-Ser-Leu-Thr-Ser-Tyr-Giy-Val-His- 
Trp-Val-Arg-Leu-Ser-Pro-Gly-Lys-Gly-Leu-Giu-Trp- 
Leu-Gly-Val-lle-Trp-Ser-Gly-Gly-Ser-Thr-Asp-Tyr- 
Asn-Ala-Ala-Phe-lle-Ser-Arg-Leu-Ser-lle-Ser-Lys- 
Asp-Asn-Ser-Lys-Ser-Gln-Val-Phe-Phe-Lys-Met- 

55 Asn-Ser-Leu-Gln-Ala-Asn-Asp-Thr-Gly-lie-Tyr-Try- 
Cys-Ala-Arg-Arg-Ser-Pro-Ser-Tyr-Tyr; 
X 2 is Gly-Ala-Gly-Pro-Tyr-Tyr-Ala-Met-Asp Tyr-Trp- 
. Gly-Gln-Gly-Thr-Ser-Val-Thr-Val-Ser-Sen 
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m is 1; and 
n is 1 . 

o Compounds wherein 

X 1 is Gln-Val-Gln-Leu-Lys-Gln-Ser-Gly-Pro Gly-Leu- 

Val-Gln-Pro-Ser-Gln-Ser-Leu-Ser-iie-Thr-Cys-Thr- . 

,VaI-Ser-Gly-Phe-Ser-L©u-Thr-Ser-Tyr-Gly-Val-His- 

Trp-Val-Arg-Leu-Ser-Pro-Gly-Lys-Gly-Leu-Giu-Trp- 

Leu-Gly-Val-lle-Trp-Ser-Gly-Giy-Ser-Thr-Asp-Tyr- 

Asn-Ala-Ala-Phe-lle-Ser-Arg-Leu-Ser-Ile-Ser-Lys- 

Asp-Asn-Ser-Lys- Ser-Gln-Val-Phe-Phe-Lys-Met- 

Asn-Ser-Leu-Gln-AIa-Asn-Asp-Thr-Gly-lle-Tyr-Tyr- 

Cys-Ala-Arg-Arg-Ser-Pro-Ser-Tyr-Tyn 

X 2 is Gly-AIa-Gly-Pro-Tyr-Tyr-Ala-Met-Asp Tyr-Trp- 

GlyGln-Gly-Thr-Ser-Val-Thr-Va!-Ser-Ser; . 

mist; and 

n is 1 . 

o Compounds wherein 

R 1 is an unprotected terminal amino group; and 
R 2 is an unprotected terminal carboxy group. 

Preferable classes of compounds within the 
scope of Formula II include: 
o Compounds. wherein 
m is 0; 
n is 0; and 

o is 0. o Compounds wherein X 1 , and X 2 and Y are 
in straight chain forms. 

o Compounds wherein the total number of amino 
acid residues in X 1 , and X 2 and Y, taken together, 
is less than about 250. 

o Compounds wherein the total number of amino 
acid residues in X\ and X 2 and Y, taken together, 
. is less than about 200. 

o Compounds wherein the total number of amino 
acid residues in X 1 , and X 2 and Y, taken together, 
is less than about 100. 

o Compounds wherein the total number of amino 
acid residues in X 1 , X 2 and Y, taken together, is 
less than about 50. 

o Compounds wherein the total number of amino 
acid residues in X 1 , X 2 and Y, taken together, is 
less than about 40. 

o Compounds wherein the total number of amino 
acid residues in X 1 , X 2 and Y, taken together, is 
less than about 25. 

o Compounds wherein the total number of amino 

acid residues in X 1 , X 2 and Y, taken together, is 

less than about 10. 

o Compounds wherein 

X 1 is Ala-Arg-Arg-Ser-Pro-Ser-Tyr-Try; 

X 2 is Gly-Aia-Gly-Pro-Tyr-Tyr-Ala-Met-Asp-Tyr; 

m is 1; 

n is 1 ; and 

o is 0. 

o Compounds wherein 

X 1 is Ala-Arg-Arg-Ser-Pro-Ser-Tyr-Tyr; 

X 2 is Gly-Ala-Gly-Pro-Tyr-Tyr-Ala-Met-Asp-Tyn 

m is 1; 

nis1;and 



o is 0. 

o Compounds wherein * - ---- 

X 1 is Gln-Val-Gln-Leu-Lys-Gln-S r-Gly-Pro Gly-Leu- 
VahGln-Pro-Ser-Gin-Ser-Leu-Ser-lle-Thr»Cys-Thr- . 

5 Val-Ser-Gly-Phe-Ser-Leu-Thr-Ser-Tyr-Gly-Val-His- 
Trp*Val-Arg-Leu-Ser-Pro-Giy-Lys-Gly-Leu-Glu-Trp- 
Leu-Gly-Val-lle-Trp-Ser-Gly-Gly-Ser«Thr-Asp-Tyr- 
Asn-Aia-Ala-Phe-lle-Ser-Arg-Leu-Ser-lle-Ser-Lys- 
Asp-Asn-Ser-Lys-Ser-Gln-Val-Phe-Phe-Lys-Met- 

10 Asn-Ser-Leu-Gln-Ala-Asn-Asp-Thr-Gly-lle-Tyr-Try- 
Cys-Ala-Arg-Arg-Ser-Pro-Ser-Tyr-Tyr; 
X 2 is Gly-Ala-Gly-Pro-Tyr-Tyr-Ala-Met-Asp Tyr-Trp- 
Gly-Gln-Gly-Thr-Ser-Val-Thr-Val-Ser-Sen 
m is 1; 

rs n is 1; and 
o is 0. 

o Compounds wherein 

X 1 is Gln-Val-Gln-Leu-Lys-Gln-Ser-Giy-Pro Gly-Leu- 
Va!-Gln-Pro-Ser-Gin-Ser-Leu«Ser-lle-Thr-Cys-Thr- 

20 Val-Ser-Gly-Phe-Ser-Leu-Thr-Ser-Tyr-Gly-Val-His- 
Trp-Val-Arg-Leu-Ser-Pro-Gly-Lys-Gly-Leu-Glu-Trp- 
Leu-Gly-Val-lle-Trp-Ser-Gly-Gly-Ser-Thr-Asp-Tyr- 
Asn-Aia-Ala-Phe-lle-Ser-Arg-Leu-Ser-lle-Ser-Lys- 
Asp-Asn-Ser-Lys-Ser-Gln-Val-Phe-Phe-lys-Met- 

25 Asn-Ser-Leu-GIn-Ala-Asn-Asp-Thr-Gly-lle-Tyr-Try- 
Cys-Aia-Arg-Arg-Ser-Pro-Ser-Tyr-Tyn 
X 2 is Gly-Ala-Gly-Pro-Tyr-Tyr-Ala-Met-Asp Tyr-Trp- 
Gly-Gln-Gly-Thr-Ser : Val-Thr-Val-Ser-Ser; 
mis 1; 

so n is 1; and 
o is 0/ 

o Compounds wherein 

R 1 is an unprotected terminal amino group; and 
R 2 is an unprotected terminal carboxy group. 

35 Obvious equivalents of the foregoing com- 
pounds include compounds comprising less com- 
mon or modified amino acids, for example, hydrox- 
yproline, hydroxylysine, . cystine, thyroxine, nor- 
leucine, pyroglutamic acid or other derivatives ca- 

40 pable of incorporation into the peptides of the 
present invention. 

The branched, , cyclical and straight chain pep- 
tides of Formulas I and II can be synthesized using 
any one of a number of conventional preparative 

45 and recovery methods, as will be readily apparent 
to one skilled in the art 

A preferable synthesis route for the straight 
chain, especially the smaller, peptides of the inven-. 
tion is the solid phase method. This method is well 

so known in the art and is described, for example, in 
U.S. Patent Nos. 4,683,291, 4,244,946, 4,305,872, 
and 4,316,891, and in Merrifieid, J. Am. Chern. 
Soc , 85 2149 (1964), Vale et al, Scienc 213 , 
1394-1397 (1981) and Marke et al, J. Am. Chem. 

55 Sci., 103. 3178 (1981), the disclosures of which are 
incorporated herein by reference. Other preparative 
methods which may be employed include the pro- 
cesses of Houghten, Proc. Natl, Acad. Sci. , 82, 
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51 32 (1 985), " the " disclosures"^ ^whictTare "also' " 
incorporated herein by reference. A preferable syn- 
thesis procedure particularly for the smaller 
branched or cyclical chain peptides, as a skilled 
artisan would recognize, would include conv ntion- 
al liquid phase processes. The liquid phase pro- 
cesses, as well as other synthesis methods, are 
described in Principles of Peptide Synthesis , M. 
Bodansky, ed. (Springer-Verlag, 1984), the disclo- 
sures of which are incorporated herein by refer- 
ence. As would be apparent to one cognizant of the 
art, for larger peptides, a preferable procedure may 
.include conventional recombinant DNA techniques. 
Such techniques are discussed in greater detail 
below. Recombinant techniques as well known and 
are described, for example, in Maniatis et al., Mo- 
lecular Cloning: A Laboratory Manual , Cold Spring 
Harbor (1982), the disclosures of which are incor- 
porated herein by reference. 

Suitable recovery methods are described in the 
foregoing publications. Other recovery methods 
. which may be employed include those described in 
Rivier et al., Peptides: The Structure and Biological 
Function , pp. 125-128 (1979), the disclosures of 
which are incorporated herein by reference. 

The invention further provides compositions 
and methods for utilizing the subject compounds 
and compositions in inhibiting fibrinogen binding, 
platelet aggregation, and glycoprotein llb-llla bind- 
ing. The ability of the subject compounds to inhibit 
the foregoing activities makes them useful in inhib- 
iting the physiological process of thrombosis. In 
addition, in light of their demonstrated activities, the 
compounds of the present invention may be em- 
ployed in inhibiting cancer metastasis, an aberrant 
physiological phenomenon that is believed to re- 
quire the adhesion of blood platelets to the cancer 
cells. The specificity of the subject compounds in 
carrying out these related functions makes them 
particularly useful as therapeutic and/or diagnostic 
agents. - " 

In particular, the compositions of the present 
invention comprise an effective amount of a com- 
pound of Formula I and a physiologically accept- 
able carrier or diluent. Acceptable carriers or 
diluents for therapeutic, diagnostic or other uses 
are well-known in the pharmaceutical art, and are 
described, for example, in Remington's Pharma- 
ceutical Sciences , Gennaro, A.R., ed. (Mack Pub- 
lishing Co., Easton PA, 1 985). 

In practicing the methods of the invention, the 
compounds or compositions can be used alone or 
in combination with one another, or in combination 
with other therapeutic or diagnostic agents. They 
can be utilized in vivo, ordinarily in a mammal, 
preferably in a human, or in vitro. In employing in 
vitro, the compounds or compositions are applied . 
to a cellular solution, that is, a solution containing 



the cellular component or components sought to be * 
inhibited. In employing in vivo, the compounds or 
compositions can be administered to the mammal 
in a variety of ways, including parenterally, intra- 

5 venously, subcutaneously, intramuscularly, col- 
onically, rectally, nasally or intraperitoneal^, em-" 
ploying a variety of dosage forms. As will be read- 
ily apparent to one skilled in the art, the useful in 
vivo dosage to be administered and the particular 

70 mode of administration will vary depending upon 
the age, weight and mammalian species treated, 
the particular compounds employed, and the spe- 
cific use for which these compounds are employed. 
The determination of effective dosage levels, that 

75 is, the dosage levels necessary to achieve the 
desired result, will be well within the ambit of one 
skilled in the art. Typically, applications are com- 
menced at lower dosage levels, with dosage being 
increased until the desired effect is achieved. 

20 Antibodies, both monoclonal and polyclonal, di- 
rected to peptide compounds of the present inven- 
tion are useful in isolation and identification of the 
subject proteins, and the present invention also 
pertains to such antibodies. To prepare the subject 

25 antibodies, any one of a number of techniques 
which known in the art can be employed. In one 
such technique, polyclonal antibodies may be syn- 
thesized by injecting an animal (for example, a 
rabbit) with one or more compounds of the inven- 

30 tion. After injection, the animal naturally produces 
antibodies to these compounds. When the antibody 
level rises to a sufficient level, antibody-containing 
blood, called antiserum, is then drawn from the 
animal, and the compound-specific antibody is iso- 

35 lated from other antibodies in the antiserum by any 
one of a number of separation techniques (for 
example, affinity chromatography). Monoclonal anti- 
bodies may be prepared using the technique of 
Kohler and Milstein, Nature 256, pp. 495-497 
.40 (1975), 

The invention further relates to nucleic acid, 
preferrably DNA, sequences which encode the 
peptide compounds of the present invention. Such 
fragments may be synthesized using standard nu- 

45 cleic acid synthesis techniques or. alternatively, 
may be obtained from genomic material of various 
sources using conventional genetic engineering 
protocol. One source of genomic material is the 
PAC1 hybridoma cell described in Shattil et al., £ 

so BioL Chem. , 260 , 1 1 1 07-1 1 1 1 4 (1 985), particularly 
the PAC1-U heavy chain variable region of that 
genome. Using standard recombinant DNA tech- 
niques, the nucleic acid sequences can be, if de- 
sired, incorporated into an appropriate cloning vec- 

55 tor, transduced into, an appropriate host cell and 
the proteins encoded by the nucleic acid fragment 
expressed and collected for further use, thereby 
providing a potentially convenient method for the 



7 



13 EP 0 368 486 A2 " 14 



production of the proteins, particularly the lengthy 
"straight chain proteins, of th subject invention. 
Maniatis et al., Molecular Cloning: A Laboratory 
Manual , Cold Spring Harbor (1 982)7 provides a 
detailed discussion of various recombinant DNA 
methodologies. 

Cloning vector as used herein is defined as a 
DNA (or RNA) sequence, which allows the incor- 
poration of specific experimental foreign DNA (or 
RNA), with the combined DNA (or RNA) being 
introduced into a host cell that can exist in a stable 
manner and express the protein dictated by the 
experimental DNA (or RNA). The foreign DNA (or 
RNA) combined with the vector DNA (or RNA) 
constitutes a recombinant DNA (or RNA) molecule 
which is derived from recombinant technology. 
Cloning vectors may include plasmids, bac- 
teriophage, viruses and cosmids. Expression vec- 
tors are defined herein as DNA (or RNA) se- 
quences that are required for the transcription of 
cloned copies of genes and the translation of their 
mRNAs in an appropriate host. Such vectors can 
be used to express either procaryotic or eucaryotic 
genes in a variety of cells such as bacteria, yeast, 
insect and mammalian cells. The proteins may also 
be expressed in a number of virus systems. An 
appropriately constructed expression vector should 
contain an origin of replication for autonomous rep- 
lication in host cells, selective markets, a limited 
number of useful restriction enzyme sites, a high 
copy number, and strong promoters. A promotor is 
defined as a DNA (or RNA) sequence that directs 
RNA polymerase to bind to DNA and to initiate 
RNA synthesis. A strong promoter is one which 
causes mRNAs to be initiated at high frequency. 
Expression vectors may include, but are not limited 
to, cloning vectors, modified cloning vectors, spe- 
cifically designed plasmids or viruses. 

Finally, the present invention includes a pep- 
tide comprising an amino acid sequence corre- 
sponding to the amino acid sequence of the vari- 
able region of the ii heavy chain of monoclonal 
antibody PAC1, as shown in Figure 2, and any 
antibodies . incorporating such sequence. The 
present invention further includes a peptide com- 
prising an amino acid sequence corresponding to 
the amino acid sequence of the variable region of 
the n heavy chain of monoclonal antibody PAC1, 
as shown in Figure 2, and an amino acid sequence 
corresponding to the amino acid sequence of the 
variable region of the x light chain of monoclonal 
antibody PAC1, as shown in Figure 1, and any 
antibodies incorporating such sequences. As will 
be apparent to those skilled in the art, and as 
described in the foregoing discussion of peptide 
synthesis using chemical and recombinant meth- 
odologies such as described in Riechmann et a!., 
Nature, Vol. 332, pp. 323-327 (1988), various tech- 



niques are available to prepare such peptides. The 
recombinant DNA techniques can also be applied 
in the area of antibody manipulation. For a discus- 
sion, of antibody engineering, see Riechmann et al., 

s Nature , 332, 323-327 (1988). the disclosures of 
which are herein incorporated by reference. 

Most preferably, the invention is directed to 
monoclonal antibody PAC1. The hybridoma cell 
line producing* this monoclonal antibody is de- 

70. scribed in Shattil et al., J. Biol. Chem. , 260 , 11107- 
11114 (1985), the disclosures of which are hereby 
incorporated by reference. Both the hybridoma cell 
PAC1 and the PAC1 monoclonal antibody pro- 
duced therefrom are discussed in the Examples 

75 below. As with the peptides of Formulas I and II, 
the peptides and monoclonal antibodies of this 
. paragraph are useful as inhibitors of fibrinogen 
binding, platelet aggregation, and/or glycoprotein 
Hb-llla binding, and, similarly, are effective in the 

20 treatment of certain physiological conditions, such 
.. as thrombosis and/or cancer metastasis, and the 
present invention if further directed to these uses. 

The invention is further described in the follow- 
ing Examples. These Examples are not to be con- 

25 strued as limiting the scope of the appended 
Claims. 



Examples 



Example 1 



35 Cell Culture and Isolation of mRNA 

PAC1 hybridoma cells, prepared as described 
in Shattil et al., J. Biol. Chem. , 260 , 11107-11114 
(1985), were grown in a standard culture medium 

40 containing fetal calf serum, and 5 x 10 s cells were 
harvested and resuspended in 4M guanidine 
thiocyanate as described in Chirgwin et al., Bio- 
chemistry , 18, 5294-5299 (1979). Total RNA was 
isolated after centrifugation through a CsC1 cush- 

45 ion and poly A+ RNA was isolated using oligodT 
cellulose following the procedures set forth in Aviv 
et al., Proc. Natl. Acad. Sci. , U.S.A. , 69, 264-268 
(1972). 

50 

Example 2 

Sequencing of PAC1 Immunoglobulin Variable Re- 
55 gions 

Using complementary oligonucleotide primers 
from the 5' region of the mouse u and x constant 
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region mRNAs. - (5-GCTCTCGCAGGAGACGAG 
and 5-GGTGGGAAGATGGATACAGTT, respec- 
tively), the sequences of PAC1-U (light chain) and 
x (heavy chain) mRNAs were determined using the 
direct dideoxy chain termination method as de- 
scribed by G liebter in Focus , 9, 1,5-8 (1987). 
Briefly, 20 ng of end-labeled primers were an- 
nealed to 10 ug of poly A+ mRNA at 50* C and 
primers were extended in the presence of dideox- 
ynucleotides and reverse transcriptase. The pro- 
ducts of this reaction were electrophoresed on 6% 
denaturing polyacryiamide gels that were then ex- 
posed to autoradiography. Once approximately 200 
bp of sequence had been determined, complemen- 
tary primers within the variable region about 150 
bp upstream of the constant region were syrv 
thesized in order to extend the sequence further 5' 
within the variable region. The primer used in the 
PAC1-U reaction was 5-CATTAGCTTG- 
CAGACTGTTC and in the PAC1-x reaction was 5- 
ATCTTGAGTGTGAAATCTGT^ A small portion, 
about 50 nucleotides, of the 3 end of the x mRNA 
was determined using the modified Maxarn and 
Gilbert technique of Schlomchik et al., J. Exp. 
Med. , 164 , 407-427 (1986). Figure 1 shows the 
nucleotide sequence of the variable region of the x 
light chain of a PAC1 hybridoma cell, along with 
the predicted amino acid sequence. Figure 2 
shows the nucleotide sequence of the variable re- 
gion of the u heavy chain of a PAC1 hybridoma 
cell, along with the predicted amino acid sequence, 
in both Figures 1 and 2, the complimentary deter- 
mining regions (CDRs) are shown in boxes. The 
amino acids numbered according to convention. 
Kabat EA, Wu, T.T.. Reid-Miller, M„ Perry, H.M., 
Gottesman, K.S., Sequences of Proteins of Im- 
munologic Interest (US DHHS, PHS, NIH 1987). 

Example 3 



Peptide Synthesis and Analysis 

The peptide NH 2 -Ala-Arg-Arg-Ser-Pro-Ser-Tyr- 
Tyr-Arg-Tyr-Asp-Gly-Ala-Giy-Pro-Tyr-Tyr-Ala-Met- 
Asp-Tyr-COOH, which corresponds to amino acids 
93 through 102 of the PAC1-U variable region 
(Figure 2) and which is referred to herein as the 
Arg-Tyr-Asp-21mer, and various other peptides 
used herein were synthesized by the solid phase 
method using an Applied Biosystems Inc. 430A 
automated synthesizer. Boc-amino acids supplied 
by the manufacturer were used except for Boc-Asp 
(Chx). Triple couplings were used for Arg 9 , Ser*. 
Tyr 7 Tyr 8 , Arg 3 , Arg 1 and Ala 1 of the Arg-Tyr-Asp- 
21mer. The remaining residues were incorporated 
by a double coupling protocol. The peptides were 
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cleaved from the solid support by the Sn2/Sn1 HF 
cleavage procedure described in Tarn, J. Amer. 
Chem. Soc„ 105 , 6442-6455 (1983) and purified by 
gel filtration (Sephadex G-50F, 50% HOAc) and 

s reverse phase HPLC (Vydac C18, 15u, 5 x 30 cm 
column, 95% A-B to 75% A-B over 60 minutes at a 
flow rate of 100 ml/min; A = 0.1% TFA-H 2 0, B = 
0.1% TFA-CHaCN). Products were characterized 
by amino acid analyses after acid hydrolysis, fast 

70 atom bombardment mass spectrometry (FABMS), 
nuclear magnetic resonance spectroscopy, and se- 
quence analysis after Edman degradation. Analy-. 
ses were consistent with the expected structures, 
with a product purity of £ 95%. 

75 

Example 4 



20 Binding of PAC1 and Fibrinogen to Platelets 

The binding of PAC1 monoclonal antibody and 
fibrinogen to gel-filtered human blood platelets was 
examined by fluorescence-activated flow cytometry 

25 using the procedures of Shattil et al. t Blood , 70, 
307-315 (1987). Venous blood from normal donors 
was drawn into 1/7 vol of NIH formula A acid- 
citrate-dextrose solution, platelet-rich plasma was 
obtained, and the platelets were gel-filtered into an 

30 isotonic HEPES-containing buffer at pH 7.4, as 
described in Shattil et al., Blood , £8, 1224-1231 

(1986) . To examine the effect of synthetic peptides 
on PAC1 binding to activated platelets, 5 x 10 7 
platelets were incubated for 15 min at room tem- 

35 perature in a final vol of 50 lU in the presence of 
varying concentrations of (0-100 uM) of peptide, 40 
ug/ml fluorescein-labeled PAC1 (F1TC-PAC1), 10 
liM ADP and 10 U.M epinephrine. Then, 500 ul of 
the isotonic buffer was added and antibody binding 

40 was quantitated using a flow cytometer. as de- 
scribed in Shattil et al., Blood, 70, 307-315 (1987). 
Fibrinogen binding to platelets was measured using 
the same incubation system, except that 50 ug/mi 
of purified human fibrinogen as described in Ben- 

45 nett et al., J. Clin. Invest. , 64, 1393-1400 (1979) 
was added and the monoclonal antibody. FITC- 
9F9, was used instead of FITC-PAC1 . Antibody 
9F9 is specific for fibrinogen and has been used 
successfully to measure ; the amount of fibrinogen 

so bound to platelets. Abrams et al., Blood , 70, 335a 

(1987) . Previous studies have established that the 
amount of FITC-labeled antibody bound to platelets 
determined by flow cytometry is related in a linear 
fashion to the amount of antibody bound deter- 

55 mined in a conventional radioligand binding assay. 
Shattil et al., Blood 70, 307-315 (1987). The 
amount of platelet-bound FITC-PAC1 or FITC-9F9 
was determined by analyzing 10,000 platelets for 
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the extent of fluorescence at 488 nrn, and binding 
expressed as the mean fluorescence intensity in 
arbitrary fluorescence units. 

Under these conditions, the Art-Gyr-Asp-21mer 
peptide inhibited the binding of RTC-PAC1 to 5 
platelets with an IC50 of 20-30 uM (as shown in 
Figure 3A, filled circles). This was similar to the 
IC50 of the tetrapeptide, NH 2 -Arg-Gly-Asp-Ser- 
COOH (Arg-Gly-Asp-Ser). (Figure 3A, unfilled cir- 
cle). In five separate experiments, Dixon plot analy- 70 
sis carried out in accordance with Segel, Enzyme 
Kinetics 465-504 Wiley-lnterscience, N.Y. (1975), 
revealed that the apparent Ki for inhibition of PAC1 
binding by Arg-Tyr-Asp-21mer was 10.2 ± 4.3 uM 
(SE). As a control, an unrelated peptide or similar 75 
length having the sequence HN 2 -Tyr-Val-Asp-Gly- 
Asp-Gln-Cys-(Acm)-Glu-Ser-Asn-Pro-Cys-Leu-Asn- 
Gly-Gty-Met(0)-Cys-(Acm)-Lys-Asr>Asp-lie-Asn- 
Ser-Tyr-Gly-Cys-Phe-COOH (unrelated-28mer) 
(control) had no effect on FITC-PAC1 binding 20 
(Figure 3A t unfilled squares). Identical results were 
obtained when platelets were activated with, phorbol 
myristate acetate instead of ADP and epinephrine 
(data not shown). 

The ability of Arg-Tyr-Asp-2lmer to inhibit 2s 
fibrinogen binding to activated platelets was also 
tested. Fibrinogen binding was assessed by flow 
cytometry using a FITC-labeled anti = fibrinogen 
monoclonal antibody, 9F9. When platelets were 
activated with ADP plus epinephrine in the pres- 30 
ence of 50 ug/ml of fibrinogen, Arg-Tyr-Asp-21mer 
inhibited fibrinogen binding with an ICso of uM 
(Figure 3B, filled circle). The control peptide 
(unrelated 28 mer) had no effect on 9F9 binding 
(Figure 3B, unfilled square). In three experiments, 35 
Dixon plot analysis showed that this peptide inhib- 
ited fibrinogen binding with an apparent Ki of 5.5 & 
3.5 uM. 

To examine the specificity of the Arg-Tyr-Asp- 
21 mer peptide in inhibiting PAC1 monoclonal anti- 40 
body binding, the effect of this peptide on the 
binding of monoclonal antibodies to other platelet, 
glycoproteins were examined. The Arg-Tyr-Asp- 
21 mer peptide had no effect on the binding of 
FITC-AP1 to platelet glycoprotein lb on resting 45 
platelets (Figure 4, unfilled circles). In addition, the 
peptide had no effect on the binding of either FiTC- 
B1B5 to glycoprotein lib or of FITC-S12 to GMP- 
140 on activated platelets (Figure 4, filled squares 
and unfilled triangles, respectively). The peptide so 
had a marked effect on PAC1 binding (Figure 4, 
filled circles). Antibody S12, described in McEver 
et al., J. Biol. Chern. , 259 : 9799 (1984) specific for 
an a-granule membrane protein (GMP) expressed 
on the surface of activated platelets. Antibody 55 
B1 B5 is specific for glycoprotein lib, and is dis- 
cussed in Shattil, J. BioL Chem. , 260, 11107-11 114 
(1985) and Bennett et aL, Proc. Natl. Acad. Sci., 



U.S.A., 80, 2417-2421 (1983). 



Example 5 



Platelet Aggregation Studies 

The Effect on Arg-Tyr-Asp-21mer peptide on 
blood platelet aggregation was examined. The ag- 
gregation of gel-filtered platelets was carried out as 
described in Shattil et al„ Blood , 68, 1224-1231 
(1986). Platelets (2 x 10 8 /ml were stirred at 37 fc C in 
the presence of human fibrinogen (100 ug/m!) and 
CaCfe (1 mM) ans aggregation was initiated by the 
addition of 10 uM ADP. Aggregation was monitored 
as a change in light transmittance, and is ex-, 
pressed as the initial rate of aggregation. 

in three experiments Arg-Tyr-Asp-21fner inhib- 
ited the initial rate of ADP-induced platelet ag- 
gregation with an ICso of approximately 40 uM 
(Figure 5, filled circles). At 10 ug/ml fibrinogen the 
ICso was approximately 10 uM (data not shown). 



Example 6 



Modifications in the Arg-Tyr-Asp Sequence of the 
21 mer Peptide ! "~ 

The specific role of the Arg-Tyr-Asp sequence 
within Arg-Tyr-Asp-21mer was examined by testing 
three additional peptides identical to the Arg-Tyr- 
Asp-21mer except for specific modifications in the 
Arg-Tyr-Asp region. Substitution of the tyrosine in 
Arg-Tyr-Asp with glycine to produce an Arg-Gly- 
Asp-21mer increased the inhibitory potency of the 
peptide by about ten-fold in both the aggregation 
assay (Arg-Gly-Asp-21mer, Figure 5, filled squares; 
Arg-Tyr-Asp-21mer, Figure 5 ( filled circles) and the 
PAC1 and fibrinogen binding assays (Arg-Tyr-Asp- 
21 mer, Figure 6, filled squares; Arg-Tyr-Asp- 
21 mer, Figure 6,!led squares). On the other hand,, 
substitution of the tyrosine with a D-alanjne to 
produce an Arg-d-Ala-Asp-21mer, or inversion of 
the Arg and Asp residues to produce an Arg-Tyr- 
Asp-21mer substantially reduced the inhibitory ca- 
pacity of the peptide (Arg-d-Ala-Asp-21mer, Figure 
6, unfilled circles; Asp-Tyr-Arg-21 mer, Figure 6, 
filled triangles). The Arg-Gly-Asp-Ser-tetramer is 
shown in Figure 6 as the unfilled square. 

These specific modifications of the Arg-Tyr- 
Asp sequence within the Arg-Tyr-Asp-21mer pep- 
tide clearly establish that this sequence of three 
amino acids is of significance to the functional 
properties of the entire peptide. 

Various modifications of the invention in addi- 
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tion to those shown and described herein "will" be 
apparent to those skilled in the art from the fore- 
going d scription. Such modifications are also in- 
tended to fall within the scope of the appended 
Claims. 



Claims, 

1 . A compound of the formula 
R l -(X 1 )n-Arg-Tyr..Asp-{X 2 ) m -R 2 

and physiologically acceptable salts thereof, 
wherein: 

X 1 and X 2 , independently, are 1 to about 50 amino 

acid residues, provided that the total number of 

amino acid residues in X 1 and X 2 , taken together, is 

equal to or less than about 50; 

m and n, independently, are 0 or 1; 

R 1 is a protected or unprotected terminal amino 

group; and * 

R 2 is a protected or unprotected terminal carboxy 
group. 

2. A compound according to Claim 1 wherein 
m is 0; and 

n is 0. 

3. A compound according to either of Claims 1 , 
or 2 wherein X 1 and X 2 are in straight chain form. 

4. A compound according to any preceding 
Claim wherein the total number of amino acid resi- 
dues in X 1 and X 2 , taken together, is less than - 
about 40. 

5. A compound according to any of Claims 1 to 
3 wherein the total number of amino acid residues 
in X 1 and X 2 , taken together, is less than about 25. 

6. A compound according to any of Claims 1 to 
3 wherein the total number of amino acid residues 
in X 1 and X 2 , taken together, is less than about 10. . ; 

7. A compound according to Claim 1 wherein 
X 1 is Ala-Arg-Arg-Ser-Pro-Ser-Tyr-Tyr; 

X 2 is Gly-Ala-Gly-Pro-Tyr-Tyr-Ala-Met-Asp-Tyr; . 
m is 1; and - 
n is 1 . ; 

8. A compound according to Claim .1 wherein 
X 1 is Gln-Val-Gln-Leu-Lys-Gin-Ser-Giy-Pro-Gly-Leu- 
Val-Gln-Pro-Ser-Gln-Ser-Leu-Ser-lle-Thr-Cys-Thr- 
Val-Ser-Gly-Phe-Ser-Leu-Thr-Ser-Tyr-Gly-Val-His- 
Trp-Val-Arg-Leu-Ser-Pro-Gly-Lys-Gly-Leu-Giu-Trp- 
Leu-Gly-Val-lle-Trp-Ser-Gly-Gly-Ser-Thr-Asp-Tyr- 
Asn-Ala-Ala-Phe-lle-Ser-Arg-Leu-Ser-Ile-Ser-Lys- 
Asp-Asn-Ser-Lys-Ser-Gln-Val-Phe-Phe-Lys-Met- - 
Asn-Ser-Leu-Gln-Ala-Asn-Asp-Thr-Gly-lle-Tyr-Tyr- 
Cys-Ala-Arg-Arg-Ser-Pro-Ser-Tyr-Tyn 

X 2 is Gly-Aia-Gly-Pro-Tyr-Tyr-Ala-Met-Asp-Tyr-Trp- 
Gly-Gln-Gly-Thr-Ser-Val-Thr-Vai-Ser-Ser; 
m is 1; and 
n is 1. 

9. A compound of the formula 
R'-pC^n-Arg-Tyr-Asp-OOoCxVR 2 



~ and"" physiologically acceptable "salts thereof 7 
wherein: 

- X 1 and X 2 , indep endently, are 1 or more amino 
acid residues; 

s Y is 1 or more amino acid residues, provided that Y 
does not include a Ser or Ala residue; 
m, n and o, independently, are 0 or 1, provided 
that when m is 1 , o must be 1 
R 1 is a protected or unprotected terminal amino 

10 group; and 

R 2 is a protected or unprotected terminal carboxy 
group; and wherein said compound inhibits 
fibrinogen binding, platelet aggregation, thrombo- 
sis, cancer metastasis and/or glycoprotein llb-llla 

75 binding. 

10. A composition for inhibiting, fibrinogen 
binding, platelet aggregation, thrombosis, and/or 

f cancer metastasis comprising an effective amount 
of a compound of any preceding Claim and a 
20 physiologically acceptable carrier or diluent there- 
for. 

11. A composition for inhibiting binding of a 
substance to a blood platelet membrance 

. glycoprotein llb-llla complex comprising an effec- 
25 tive amount of a compound of any of Claims 1 to 9 
and a physiologically acceptable carrier diluent 

12. A method of inhibiting fibrinogen binding, 
platelet aggregation, comprising administering to 
the platelets an effective amount of a compound of 

30 any of Claims 1 to 9. 

13. A method of inhibiting binding of a sub- 
stance to a blood platelet membrane glycoprotein 
llb-llla complex comprising administering to the 
complex an effective amount of a compound of any 

35 of Claims 1 to 9. 

14. An antibody to a compound of Claim 1. 

15. A nucleic acid fragment comprising a 
nucleotide sequence which enclodes a compound 
of any of Claims 1 to 9. > 

40 16. A peptide comprising an amino acid se- 

quence corresponding to the amino acid sequence 
shown in Figure 2. 

17. A peptide according to Claim 16 further 
comprising an amino acid sequence corresponding 

45 to the amino acid sequence as shown in Figure 1 . 

18. A monoclonal antibody comprising an, ami- 
no acid sequence corresponding to the amino acid 
sequence shown in Figure 2. 

19. A monoclonal antibody according to Claim 
so 18, further comprising an amino acid sequence 

corresponding to the amino acid sequence shown 
in Figure 1 . 

20. The use in the manufacture of a medica- 
ment ff ctive in vivo for inhibiting fibrinogen bind- 

55 ing, platelet aggregation, thrombosis, and/or cancer 
metastasis which comprises a composition accord- 
ing to any of Claims 1 to 9 
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